SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Lan Chen, a citizen of 
China residing at Yokohama-shi , Kanagawa Japan, Hidetoshi Kayama , 
a citizen of Japan residing at Yokohama-shi , Kanagawa Japan and 
Narumi Umeda , a citizen of Japan residing at Yokohama-shi, 
Kanagawa Japan have invented certain new and useful improvements 
in 



ADMISSION CONTROL METHOD AND DEVICE IN 
MOBILE COMMUNICATION SYSTEM 



Of which the following is a specification:- 



TITLE OF THE INVENTION 



ADMISSION CONTROL METHOD AND DEVICE IN 
MOBILE COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method 
of admitting a . service request from a mobile station 
to an admission control device in a mobile 
communication system that is capable of providing a 
quality-guaranteed service and a quality-not- 
guaranteed service at the mobile station, and the 
admission control device. 

2 . Description of the Related Art 

In the conventional circuit switching 
service, when a base station receives a request for 
a service from a mobile station, the base station, 
acting as an admission control device, determines 
whether the request can be admitted based on the 
radio resources, specifically, the number of 
available channels, such as the number of carriers, 
time slots, codes, etc., assigned to the cell formed 
by the base station itself, and if the number of the 
assigned channels is greater than a predetermined 
value, the base station admits the request. 

In a conventional ATM (Asynchronous 
Transfer Mode) service, when an admission control 
device, such as an ATM switching system, receives a 
request for a service from a communication apparatus 
the ATM switching system determines whether the 



-2- 



request can be admitted based on available capacity 
of the path, that is, the ATM transmission channel, 
and on the available buffer for storing ATM cells. 
If the available capacity of the path and the 
5 available buffer are greater, than a predetermined 
value, the base station admits the request. 

When packet communications are performed 
for providing a conventional circuit switching 
service, because of the quality required by voice 
10 and data that share the channel, and because there 
are a large variety of packets, the communication 
quality changes after the service request is 
admitted. 

However, as mentioned above, in the 
15 conventional circuit switching service, because 

^ admission of the request is determined based only on 
the assigned channels, change of the propagation 
quality is not considered. This conventional method 
is not sufficient for a mobile communication system 
20 in which the propagation quality changes frequently. 
In addition, in the conventional ATM service, the 
capacity of the path and the buffer occupied by * the 
communications are constant after the service 
request is admitted. Therefore, the method used in 
25 the conventional ATM service is not suitable for a 
mobile communication system in which the 
communication rate in the cell formed by the base 
station changes greatly because of variation of 
interference and movement of the mobile stations. 

30 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to solve one or more problems of 



the related art. 

A more specific object of the present 
invention is to provide an admission control method 
in a mobile communication system capable of 
appropriately assigning radio resources even when a 
propagation quality changes, an admission control 
device, a mobile station, and a mobile" communication 
system . 

According to a first aspect of the present 
invention, there is .provided a method of an 
admission control device in a mobile communication 
system capable of providing a first communication 
that guarantees a predetermined quality and a second 
communication that does not guarantee the 
predetermined quality at a mobile station. The 
method comprises a step. of sending a notification of 
the predetermined quality to the admission control 
device by the mobile station when a request for the 
first communication is made, and a step of 
calculating, by the admission control device, a 
reference quality admissible when a propagation 
quality is lowest at the mobile station, a step of 
determining, by the admission control device, 
whether to admit the request of the mobile station 
based on the reference quality. 

As an embodiment, the admission control 
device may admit the request of the mobile station 
when the predetermined quality is less than or equal 
to the reference quality . If the predetermined 
quality is distributed in a range, the admission 
control device may admit the request of the mobile 
station when the reference quality is in the range 
of the predetermined quality. 
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According to the present invention, the 
reference quality is calculated by assuming a 
situation in which the propagation quality at the 
mobile station corresponds to the lowest level 
5 obtainable at the mobile station, for example, in 
the case in which the mobile station is at the edge 
of a cell formed by a base station acting as the 
admission control device. In addition, the base 
station compares the predetermined quality and the 
10 reference quality to determine whether the request 
- from the mobile station can be admitted. For example 
the admission control device may admit the request 
if the predetermined quality is less than or equal 
to the reference quality. Due to this, even at 
15 places where the propagation quality is low, the 

mobile station is able to maintain communications. 
In other words, regardless of changes of the 
propagation quality, radio resources can be 
apipropriately assigned. 
20 Preferably, the admission control, device 

^ may calculate the reference quality from an 

assignable radio resource. The assignable radio 
resource may be calculated by subtracting the radio 
resource being used by communications different from 
25 the first communication from a total available radio 
resource. Alternatively, the assignable radio 
resource may be calculated by subtracting a radio 
resource assigned to the other communications having 
the lowest propagation quality, from the total 
30 available radio resource. 

According to the present invention, when a 
part of the assigned radio resource is not used, for 
example, if the .amount of transmission data is less 
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than expected, the- admission control device may 
calculate the assignable radio resource by 
subtracting the radio resource actually used by 
other communications rather than the request 
5 communication from a total available radio resource, 
and the assignable radio resource is the maximum 
radio resource assignable to the requested 
communication. Due to this, it is possible to use 
the radio resources effectively. At least, the 

10 difference between the total available radio 

resource and the radio resource assigned to the 
other communications having the lowest propagation 
quality may be used as the assignable radio resource. 
Since the assignable radio resource obtained in this 

15 way does not include radio resources used by the 

other, communications , it can be surely assigned to 
the requested communication. 

More preferably, if the predetermined 
quality is greater than the reference quality, the 

20- admission control device transmits the reference 
quality to the mobile station. Receiving this • . 
information from the admission control device, and 
if the predetermined quality is in a range. from a 
lower limit to an upper limit, the mobile- station 

25 may change the predetermined quality to the 

reference quality if the lower limit is less than or 
equal to the reference quality, and may change the 
first communication to the second communication if 
the lower limit is higher than the . reference quality. 

30 According to the present invention, if the 

predetermined quality is greater than the reference 
quality and the admission control device rejects the 
request, the mobile station is notified of this 



decision together with the reference quality. Upon 
that, the mobile station may take necessary steps in 
response, for example, the mobile station may change 
the value of the predetermined quality, or change 
the requested communication to a communication that 
does not require a constant quality. 

More preferably, the admission control 
device preferentially assigns a radio resource to 
the first communication rather than to the second 
communication. 

Due to this, a larger number of the first 
. communications may be provided. 

According to a second aspect of the 
present invention, there is provided a mobile 
communication system including a mobile station and 
an admission control device for controlling 
admission of a request from the mobile station, 
capable of providing a first communication that 
guarantees a predetermined quality and a second 
communication that does not guarantees the 
predetermined quality. The mobile station includes a 
transmission unit configured to send a notification 
of the predetermined quality to the admission 
control device when the mobile station requests the 
first communication, and the admission control 
device includes a calculation unit configured to 
calcul.ate a reference quality admissible when a ' 
propagation quality is lowest at the mobile station, 
and a determination unit configured to determine 
whether to admit the request of the mobile station 
based on the reference quality. 

According to a third aspect of the present 
invention, there is provided a mobile station 



capable of requesting from an admission control 
device for a first communication that guarantees a 
predetermined quality and a second communication 
that does not guarantee the predetermined quality at 
the mobile station. The mobile station comprises a 
transmission unit configured to send a notification 
of the predetermined quality to the admission 
control device when a request for the first 
communication is made, and a modification unit . 
configured to change the predetermined quality to a 
reference quality admissible when a propagation 
quality is lowest at the mobile station if the 
predetermined quality is less than or equal to the 
reference quality, and to change the first 
communication to the second communication if the 
predetermined quality is higher than the reference 
quality . 

According to a fourth aspect of the 
present invention, there is provided an admission 
control device for controlling admission of a 
request from a mobile station for a first 
communication* that guarantees a predetermined 
quality and a second communication that does not 
guarantee the' predetermined quality. The admission 
control device comprises a calculation unit 
configured to calculate a reference quality 
admissible when a propagation quality is lowest at 
the mobile station, and a determination unit 
configured to determine whether to admit the request 
of the mobile station based on the reference -quality . 

According to a fifth aspect of the present 
invention, there is provided. a program for admission 
control of a request from a mobile station for a 
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first communication that guarantees a predetermined 
quality and a second communication that does not 
guarantee the predetermined quality at a mobile 
station, comprising the steps of sending a 
5 notification of the predetermined quality to an 
admission control device when the first 
communication is requested, and changing the 
predetermined quality to a reference quality 
admissible when a propagation quality is lowest at 

10 the mobile station if the predetermined quality is 
less than or equal to the reference quality, and 
changing the first communication to the second 
communication if the predetermined quality is higher 
than the reference . qual ity . 

15 According to a sixth aspect of the present 

invention, there is provided a program for operating 
an admission control device that controls admission 
of a request from a mobile station for a first, 
communication guaranteeing a predetermined quality 

20 and a second communication not guaranteeing the 
predetermined quality, comprising the steps of 
calculating a reference quality admissible when a 
propagation quality is lowest at the mobile station, 
and determining whether to admit the request of the 

25 mobile station based on the reference quality. 

These and other objects, features, and 
advantages of the present invention will become more 
apparent from the following detailed description of 
30 the preferred embodiments given with reference to 
the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a schematic view of an example 
of a configuration of a mobile communication system 
according to an embodiment of the present invention 
from the viewpoint of communication protocols; 
5 FIG. 2 is a table showing a format of the 

admission request message; 

FIG. 3 is a table showing an example of a 
corresponding relation between the QoS-request-bit 
and the combination of the upper limit and the low 
10 limit of the required communication rate; 

FIG. 4 is a table showing a corresponding 
relation between CQI , a modulation scheme, and the 
communication rate; 

FIG. 5 is. a diagram showing a sequence of 
15 an operation of data transmission in the downlink 
direction in a mobile communication system; 

FIG. 6 is a schematic view of another 
example of a configuration of a mobile communication 
system according to the embodiment of the present 
20 invention from the viewpoint of communication 
protocols; 

FIG. 7 is a diagram showing a sequence of 
an operation of data transmission in the uplink 
direction in a mobile- communication system; 

25 FIG. 8 is a block diagram showing an 

example of configurations of the mobile station 10 
and the base station 20 according to the first 
embodiment; 

FIG. 9 is a data diagram showing an 

30 example of the operations of the mobile station 10 
and the base station 20 in the downlink data 
transmission direction according to the first 
embodiment ; 



FIG. 10 is a data diagram showing an 
example of the operations of the mobile station. 10 
and the base station 20 in the uplink data 
transmission direction according to the first 
embodiment; 

FIG. 11 is a flowchart showing the 
operation of the base station 20 according to the 
first embodiment; 

FIG. 12 is a flowchart showing the 
operation of. the mobile station 10 according to the 
first embodiment; 

FIG. 13 is a flowchart showing the 
operation of the base station 20 according to the 
second embodiment; 

FIG. 14 is a flowchart showing the 
operation of the mobile station 10 according to the 
second embodiment; 

FIG. 15 is a block diagram showing an 
example of configurations of the mobile station 10 
and the base station 20b according to the third, 
embodiment; 

FIG. 16 is a. data diagram showing an 
example of the operations of the mobile station 10 
and the base station 20b in the downlink data 
transmission direction according to the third 
embodiment ; 

FIG. 17 is a data diagram. showing an 
example of the operations of the mobile station 10 
,and the base station 20b in the uplink data 
transmission direction according to the third 
embodiment; 

FIG. 18 is a flowchart showing the 
operation of the base station 20b according to the 
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third embodiment; 

FIG. 19 is a flowchart showing the 
operation of the base station 20b according to the 
fourth embodiment ; 
5 FIG- 20 is a flowchart showing the 

operation of the base station 20 according to the 
fifth embodiment; 

FIG. 21 is a flowchart showing the 
operation of the base station 20 according to the 
10 sixth embodiment; 

FIG. 22 is a flowchart showing the 
operation of the base station 20 according to the 
seventh embodiment ; and 

FIG. 23 is a flowchart showing the 
15 operation of the base station 20 according to the 
eighth embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Below, a general description and specific 
.20 descriptions of preferred embodiments of the present 
invention are presented with reference to the 
accompanying drawings . 

General Description 
25 FIG. 1 is a schematic view of an example 

of a configuration of a mobile communication system 
according to - an ehibodiment of the present- invention 
from the viewpoint of communication protocols. 

The mobile communication system 100 shown 
30 in FIG. 1 includes a mobile station 10, a base 

station 20 that functions as an admission control 
device and provides a service having a desired 
quality and a service having an arbitrary quality 
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for the mobile station 10, and a host 30 acting as a 
communication party of the mobile station 10. The 
configuration in FIG. 1 is for downlink data 
transmission, that is, data transmission from the 
host 30 to the mobile station 10. 

The communication protocol in the mobile 
station 10 includes, from bottom to top, a physical 
layer (PHY layer) , a media access control layer (MAC 
layer), an IP+MM layer, a TCP/UDP layer, and an 
application layer (APP) . The communication protocol 
in the base station 20 at the side of the mobile 
station 10 includes, also from bottom to top, a PHY 
layer, a MAC layer, and a radio resource control 
layer (RRC) . The communication protocol in the base 
station 20 at the side of the host 30 includes, from 
bottom to top, a PHY layer, a MAC layer, an IP layer 
a TCP/UDP layer, and an application layer (lAPP) . 
The communication protocol, in the host 30 includes, 
also from bottom to top, a PHY layer,. a MAC layer,, 
an IP layer, a TCP/UDP layer, and an application 
layer (APP) . " 

When sending data in the downlink 
direction, the APP layer of the host 30 send^ a 
request for connecting to the APP layer of the 
mobile station 10. After receiving the request, in 
the mobile station 10, an application is newly 
invoked (or called) for realizing the requested 
service- Based on the type of the newly called 
application the APP layer of the mobile station 10 
selects either a service that guarantees the desired 
quality of service (QoS) (for example, a 
communication rate) or a service that may have an 
arbitrary quality of service (QoS), in other words. 



a service that does not guarantee the quality of 
service (QoS) . This selected service is .that to be 
requested from the base station 20. The newly called 
application is referred to as '^new application" 
below. In the following description, the service 
that guarantees the desired quality of service is 
referred to as ""quantitatively-guaranteed service", 
and the service that may have any quality of service 
is referred to as '"relatively-guaranteed service". 

When the APP layer of the mobile station 
10 requests a quantitatively-guaranteed service, the 
APP layer, using a control channel, sends an 
admission request message including the 
communication rate required by the new application 
called in the quantitatively-guaranteed service. 
Below, this communication rate. is referred to as 
""required communication rate", and is represented by 
QoS__rq where necessary. 

FIG.. 2 is a table showing a format of the 
admission request message. As shown in FIG. 2, the 
admission request message includes a twenty-bit flow 
label and five bits of data indicating the required 
communication rate in the quantitatively-guaranteed 
service. When requesting a relatively-guaranteed 
service, the APP layer of the mobile station 10 does 
not send the admission request message. 

The APP layer, of the mobile station 10 may 
include only one required communication rate in the 
admission request message, or an upper limit and a 
low limit of the required communication rate in the 
admission request message; alternatively, the APP 
layer of the mobile station 10 may include 
identifiers that identify the combination of the 
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upper limit and the low limit of the required 
communication rate in the admission request message. 
This identifier is referred to as ^^QoS-request-bit " . 
FIG. 3 is a table showing an example of a 
5 corresponding relation between the QoS-request-bit 
and the combination of the upper limit and the low 
limit of the required communication rate 
(represented by QoS_rqmax and QoS__rqmin, 
respectively, where necessary.) . As shown in FIG. 3, 
10 when the highest required communication rate is 128 
kbps , and the lowest required communication rate . is 
32 kbps, the QoS-request-bit is ""00011". As shown in 
FIG. 3, the QoS-request-bit ""11111'^ is used for 
making a request to the base station for canceling 
15 the quantitatively-guaranteed service. 

When the quantitatively-guaranteed service 
is requested, it is required that the. service must 
be provided at the communication rate required by 
the mobile station 10, no matter where the mobile 
20 station 10 is in the cell formed by the base station 
20. For this purpose, the base station 20 needs, to 
perform service request admission control while 
taking into consideration the variation of 
interferences and movement of the mobile station 10. 
25 In detail, the base station 20 performs service 
admission control in the following way. 

Among the total radio resources available 
for data transmission in the' downlink direction, a 
part of them has been assigned* to applications that 
30 have been called previously by other quantitatively- 
guaranteed services. The other applications include 
applications previously called in the mobile station 
10 and applications previously called in other 
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mobile stations for other quantitatively-guaranteed 
services. These applications that have been called 
previously as a whole are referred to "other 
applications". Among the radio resources assigned t 
the other applications, only a part of them is used 
The RRC layer of the base station 20. measures the 
amount of the radio resources actually used by the 
other applications (referred to as '^used radio 
resources" below) . 

The used radio resources change with the 
propagation quality between the mobile stations 
related to the other applications and the base 
station 20. The RRC layer of the base station 20 
determines the used radio resources following the 
procedure below. 

When transmitting data in the downlink 
direction, the APP layers of the mobile station 10 
and other mobile stations send data to the RRC layej 
of the base station 20 indicating the propagation 
quality between them and the base station 10. If th€ 
mobile communication system uses the HSDPA (High 
Speed Downlink Packet Access) , the so-called 3.5th 
generation rpobile communication scheme, data 
indicating the propagation quality is CQI . Here, it 
is assumed that CQI is larger when the propagation 
quality is better. Of course, it may be defined in 
other ways, for example, CQI becomes smaller when 
the propagation quality becomes better. 

Based on CQI, the RRC layer of the base 
station 20 determines the radio resources actually 
used by the other applications. 

FIG. 4 is a table showing a corresponding 
relation between CQI, a modulation scheme, and the 



-16- 



conununication rate. The table in FIG. 4 shows the 
relation between a given CQI, the propagation 
quality corresponding to the given CQI, the • 
modulation coding scheme (MCS) to be adopted in 
5 response to the CQI, the total transmission rate 
corresponding to the modulation coding scheme, the 
transmission rate in one slot in each frame, and the 
amount of data transmittable in- one slot (TBS/slot) . 
Here, SINK (Signal to Noise Ratio) is used as the 
10 propagation quality, but other quantities, such as 

BER (bit error rate) , and FER (Frame Error Rate) may 
also be used. Further, in FIG. 4, it is assumed that 
the radio resources are managed in terms of frames, 
one frame consists of ten slots, and one slot 
15 occupies 0 . 5 ms . 

For example, considering the case in which 
the mobile station 10 and other mobile stations, 
where the other applications have been called and 
which are communicating at a rate of 4 Mbps , send a 
20 CQI of 2 to the base station 20. In this case, based 
on the mapping table in FIG. 4, the RRC layer of the' 
base station 20 identifies that the modulation and 
coding scheme (MCS) is QP.SK3/4 in the communication's 
with the other applications when CQI is 2. The RRC 
.25 layer of the base station 20 identifies that the 

total transmission rate is 34 Mbps per frame of the 
radio resources when QPSK3/4 is used, and the 
transmission rate for one slot in one. frame is 3.4 
Mbps. Further, based on the identified results, the 
30 RRC layer of the base station 20 identifies that the 
other applications are* using two such slots in order 
to satisfy the required communication rate of 4 Mbps 
for the other applications. 



The RRC layer of the base station 20 
measures the used radio resources in the above way 
for a predetermined period, and determines the 
maximum of the used .radio resources in the same 
period . 

Next, the RRC layer of the base station 20 
calculates the radio resources assignable to the new 
application (referred to as '^assignable radio 
resources" below) by. subtracting the maximum of the 
used radio resources from the total radio resources. 
For example, one frame, which corresponds to the 
total radio resources, consists of ten slots, and 
the maximum of the used radio resources corresponds 
to four slots; the RRC layer of the base station 20 " 
subtracts four slots from the total ten slots, and 
the obtained result (six slots) is the maximum 
assignable radio resources for the new application. 

From the definitions of the quantities 
used in the above calculations, it is clear that the 
obtained maximum assignable radio resources for the 
new • application also include the resources actually 
used by applications called by the relatively- 
guaranteed service. Therefore, the "RRC layer of the 
base station 20 may multiplies the maximum of the 
used radio resources by a factor a(0<a^l) to 
obtain more accurate assignable radio resources for 
the new application. 

Instead of determining the maximum of the 
radio resources actually used by the other 
applications, the RRC layer of the base station 20 
may determine the radio resources assigned to the 
other applications when the propagation quality is 
the lowest between the base station 20 and the 
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mobile stations where the other applications are 
called. For example, assume the mobile stations are 
at the edge of the cell formed by the base station 
20. The determined radio resources assigned to the 
5 other applications are the maximum radio resources 
that may be used in communications of the other 
applications . 

Then, the RRC layer of the base station 20 
subtracts the determined radio resources assigned to 

10 the other applications from the total radio 

resources, and uses the result as the assignable 
.radio resources for the new application. 

From the definitions of the above 
quantities, it is clear that the obtained assignable 

15 radio resources also include the resources used by 
applications corresponding to the relatively- 
guaranteed service, therefore, in the above 
calculation, the RRC layer of the base station 20 
may multiply the resultant assignable radio . 

20 resources by a factor i3(0</3^1) as the true 
assignable radio resources: ■ 

After calculation of the assignable radio 
resources to the mobile station 10, the RRC layer of 
the base station 20 calculates the communication 

25 rate when the propagation quality is the lowest 

between the mobile station 10 and the base station 
20, and uses this communication rate as a reference 
in admission control. Below, this communication fate 
is referred to as '^admissible communication rate", 

30 and represented by "AC_avail" where necessary. 

In detail, the RRC layer of the base 
station 20 determines the communication rate for 
each' set of radio resources when the propagation 
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quality is the lowest between the mobile station 10 
and the base station 20, and multiplies by the total 
number of the assignable radio resources for the 
mobile station 10 at the determined communication 
5 rate , 

For example, according to the mapping 
table in FIG. 4, the RRC layer of the base station 
20 determines that when the propagation quality is 
the. lowest between the mobile station 10 and the 

10 base station 20, the modulation and coding scheme 
used in communications in the mobile station 10 is 
QPSKl/2, and the transmission rate in QPSKl/2 for 
one slot is 2.2 Mbps . Further, if the assignable 
radio resources for the mobile station 1.0 are six 

15 slots, the RRC layer of the base station 20 

calculates 6 x 2.2 Mbps = 13.2 Mbps, and this is the 
admissible communication rate. 

Next, the RRC layer of the base station 20 
compares the admissible communication rate with the 

20 required communication rate. If the admission 
request message includes only one required 
communication rate, and if the required 
communication rate is low.er than the admissible 
communication rate, the RRC layer of the base 

25 station 20 admits the request for the service by 
executing the new application, and sends an 
admission control result to the APP layer of the 
mobile station 10. Further, the base station 20 
assigns a certain amount of radio resources that 

30 enables communications at the required communication 
rate even when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20. 
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For example^ according to the mapping 
table in FIG. 4, the RRC layer of the base station 
20 determines that the transmission rate per slot is 
2.2 Mbps when the propagation quality is the lowest 
5 between the mobile station 10 and the base station 
20 (that is, CQI 1). Assume that only one required 
communication rate is included in the admission 
request message, and the required communication rate 
is 4 Mbps . Because the required communication rate 

10 is less than the admissible communication rate (2.2 
Mbps X 6 = 13.2 Mbps), the RRC layer of the base 
station 20 admits the request for the service by the 
new application. Then the base station 20 assigns 
two slots to the new application in order to enable 

15 communications at 4 Mbps in the mobile station 10. 

If the admission request message includes 
the upper limit and the lower limit of the required 
communication rate, and if the upper limit of the 
required communication rate is lower than the 

20 admissible communication rate, the RRC layer of the 
base station 20 admits the request for the service 
by" the new application, and sends an admission 
control result to the APP layer of the mobile 
station 10. At the same time, the base station 20 

25/ assigns a certain amount of radio resources enabling 
communications at the highest required communication 
rate even when the propagation quality is the . lowest 
between the mobile station 10 and the base station 
20. 

30 If the admissible communication rate is 

between the upper limit and the lower limit of the 
required communication rate , the RRC layer of the 
base station 20 admits the request for the service 
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by the new application, and sends an admission 
control result to the APP layer of the mobile 
station 10. At the same time, the base station 20 
assigns radio resources enabling communications at 
5 the highest required communication rate, even when 
the propagation quality is the lowest between the 
mobile station 10 and the base station 20. 

For example, when the propagation quality 
is the lowest between the mobile station 10 and the 

10 base station 20, that is, CQI=1 in FIG. 4, the 

transmission rate for one slot is 2.2 Mbps . Assume 
that the admissible communication rate is between 
the highest and lowest required communication rates, 
and its value is 4 Mbps, the base station 20 assigns. 

15 two slots to the new application in order to enable 
communications at 4" Mbps in the mobile station 10. 

If the admission request message includes 
only one required communication rate, and if the 
required communication rate is higher than the 

20 admissible communication rate, the RRC layer of the 
base station 20 does not admit the request for the 
service by the new application, and sends a request, 
rejection message and the admissible communication 
rate to the APP layer of. the mobile station 10. 

25 * If the admission request message includes 

the upper limit and the lower limit of the required 
communication rate, and if the lower limit of the 
required communication rate is higher than' the 
admissible communication rate, the RRC layer of the 

30 bas.e station 20 does not admit the request for the 
service by the new application, and sends a request 
rejection message to the APP layer of the mobile 
station 10, Even after rejecting the request, the 
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RRC layer of the base station 20 continues 
calculating the admissible communication rate 
periodically, comparing the admissible communication 
rate and the required communication rate, and when 
5 the upper limit of the required communication rate 
is lower than the admissible communication rate, or 
the admissible communication rate is between the 
upper limit and the lower limit of the required 
communication rate, the RRC . layer of the base 

10 station 20 admits the request for the service by the 
new application. 

After receiving the admission control 
results, the APP layer of the mobile station 10 may 
change the required communication rate , or change 

15 the request from a quantitatively-guaranteed service 
to a relatively-guaranteed service, or make another 
request for a quantitatively-guaranteed service. 

Specifically, the APP -layer of the mobile 
station 10 receives both the admission control 

20 results and the admissible communication rate, and 

if the lowest communication rate required by the new 
application is lower than the admissible 
communication rate, the APP layer of the mobile 
station 10 changes the required communication rate 

25 to the admissible communication rate. Then, the APP 
'layer of the mobile station 10 sends a reply 
indicating permission of the admissible 
communication rate to the RRC layer of the base 
station 20. In response to the reply, the RRC layer 

30 of the base station 20 admits the request for the 
service by the new application. Alternatively, the 
APP layer of the mobile station 10 changes the 
required communication rate to a value lower than 



the admissible communication rate but higher than 
the lowest communication rate required by the new 
application, and sends the modified communication 
rate to the: RRC' layer of the base station 20. Upon 
receiving the modified communication rate, the RRC 
layer of the base station 20 admits the request for 
the service by the new application. 

The APP layer of the mobile station 10 
receives both the admission control results and the 
admissible communication rate. If the- lowest 
communication rate required by the new application 
is higher than the admissible communication rate, or 
if only the' admission control results are received, 
the APP layer of the mobile station 10 may change 
the required communication rate, or change the 
request from a quantitatively-guaranteed service to 
a relatively-guaranteed service, or make another 
request for a quantitatively-guaranteed service. 

The APP layer of the mobile station 10 may 
make a request for a service to the base station 20 
or change the service at any time during the 
communications and after a handover. 

FIG. 5 is a diagram showing a sequence of 
an operation of data transmission in the downlink 
direction in a mobile communication system. 

In step SlOl, the host. 30 sends a request 
.for a downlink connection with the mobile station 10 

In step S102, after receiving the request, 
the. mobile station 10 selects either a 
quantitatively-guaranteed service or a relatively- 
guaranteed service as the service to be requested 
from the base station 20. When requesting a 
quantitatively-guaranteed service, the mobile 
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station 10 sends the required communication rate to 
the base station 20. 

In step S103, the base station 20 performs 
admission control in response to the request of a 
5 quantitatively-guaranteed service. 

In step 3104, the base station 20 sends 
the admission control result to the mobile station 
10. If the base station 20 does not admit the 
request, the base station 20 sends the admission 
10 control result together with the admissible 
communication rate. 

In step S105, when the request is rejected, 
the mobile station 10 changes the required 
communication rate according to the received 
15 admissible communication rate, or changes the 

request from a quantitatively-guaranteed service to 
a relatively-guaranteed service, or makes another 
request for a quantitatively-guaranteed service. 
In step S106, when the required 
20 communication rate is changed, the mobile station 10 
sends the« modified communication rate to the base 
station 2 0.- 

FIG. 6 is. a schematic view of another 
example of a configuration of a mobile communication 
25 system according to the embodiment of the present 
invention from the viewpoint of communication 
protocols. The configuration in FIG. 6 is for uplink 
data transmission, that is, data transmission from 
the mobile station 10 to the host 30. As shown in 
30 FIG. 6, the mobile station 10, the base station 20 
and the host 30 have the same configurations as 
those shown in FIG. 1. 

When sending data in the uplink direction. 
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the APP layer of the mobile station 10 selects 
either a quantitatively-guaranteed service or a 
relatively-guaranteed service as the service to be 
requested from the base station 20 according to the 
5 type of the application for data transmission. 

When the. APP l.ayer of the mobile station 
10 requests a quantitatively-guaranteed service, the 
APP layer, using a control channel, sends an 
admission request message including the 

10 communication rate required by the new application, 
that is, the required communication rate. 

The APP layer of the mobile station 10 may 
include only one required communication rate in the 
admission request message, or an upper limit and a 

15 low limit of the required communication rate in the 
admission request message; alternatively, the APP 
layer of the mobile station 10 may include 
identifiers (that is, the QoS-request-bit ) that 
identify the combination of the upper limit and the 

20 low limit of the required communication rate in the 
admission request message. 

The RRC layer of the base station 20 
measures the amount of the radio resources in the 
uplink direction actually used by the other 

25 applications relevant to the quantitatively- 
guaranteed service.. The measurement method is the 
same as that described in the case of downlink data 
transmission. 

When transmitting data in the uplink 

30 direction, the APP layer of the mobile, station 10 
sends data to the RRC layer of the base station 20 
indicating the propagation quality between them. If 
the mobile communication system uses the HSDPA (High 



Speed Downlink Packet Access), the CQI, which 
indicate the propagation quality, is set according 
to the propagation quality measured by the RRC layer 
of the base station 20. 

Then, in the same way as in the downlink 
data transmission, the RRC layer of the base station 
20 calculates the assignable radio resources for the 
new . application by subtracting the maximum of the 
used radio resources from the total radio resources. ^ 
Alternatively, instead of determining the radio 
resources used by the other applications, the RRC 
layer of the base station 20 may determine the radio 
resources assigned to the other applications when 
the propagation quality , is the lowest between the 
base station 20 and the mobile station 10 and other 
mobile stations and subtracts the determined 
assigned radio resources from the total radio 
resources to obtain the assignable radio resources 
for the new ajpplication . 

Ba.sed on the assignable radio resources 
for the new application, the RRC layer of the base 
station 20 calculates the communication rate, when 
the propagation quality is the lowest between the 
mobile station 10 and the base station 20, that is, 
admissible communication rate. The RRC layer of the 
base station 20 compares the admissible 
communication rate with the required communication 
rate. Then, based on the comparison result, the RRC 
layer of the base station 20 determines whether to 
admit the request for the service by the new 
application. 

If the RRC layer of the base station 20 
admits the request, it sends an admission control 



result to the APP layer of the mobile station 10. 
Further, the base station 20 assigns a certain 
amount of radio resources to enable communications 
at the required communication rate or the admissible 
communication rate even when the propagation quality 
is the lowest between the mobile station 10 and the 
base station 20. 

If the RRC layer of the base station 20 
does not admit the request, it sends a request 
rejection message to the APP layer of the mobile 
station 10 together with the admissible 
communication rate . 

After receiving the admission .control 
results, the APP layer of the mobile station 10 may 
change the required communication rate, or change 
the request from a quantitatively-guaranteed service 
to a relatively-guaranteed service, or make another ' 
request for a quant itatively-'guaranteed service. 

FIG. 7 is a diagram showing a sequence of 
an operation of data transmission in the uplink 
direction in a mobile communication system. 

In step S201, the mobile station 10 
selects either a quantitatively-guaranteed service 
or a relatively-guaranteed service as the service to 
be requested from the base station 20. When 
requesting a quantitatively-guaranteed service, the 
mobile station 10 sends the required communication 
rate to the base station 20. 

In. step S202, after receiving the required 
communication rate, the base station 20 performs 
admission control in response to the request of a 
quantitatively-guaranteed service . 

In step S203, the base station 20 sends 
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the admission control result to the mobile station 
10. If the base station 20 does not admit the 
request, the base station 20 sends the admission 
control result together with the admissible 
5 communication rate. 

In step S204, when the request is rejected, 
the mobile station 10 changes the required 
communication rate according to the received 
admissible communication rate, or changes the 
10 request from a quantitatively-guaranteed service to 
a relatively-guaranteed service, or makes another 
request for a quantitatively-guaranteed service. 

In step S205, when the required 
communication rate is changed, the mobile station 10 
15 sends the modified communication rate to the base 
station 20. 

Below, preferred specific embodiments of 
the present invention for accomplishing the above 
operations are explained. 

20 

First Embodiment 

FIG. 8 is a block diagram showing an 
example of configurations ' of the mobile station 10 
and the base station 20 according to the first 

2 5 embodiment. 

As shown in FIG. 8, the mobile station 10 
includes a transmitter 11, a receiver 12, a required 
communication rate setting unit 13, an application 
identifying unit 14, and a modification unit 15. The 

30 base station 20 includes a transmitter 21, a 
receiver 22, a required communication rate 
identifying unit 23, a used resources measurement 
unit 24, an admissible communication rate 



calculating unit 26, and an * admission determining 
unit 27. 

In the downlink data transmission, the 
receiver 12 in the mobile station 10 receives a 
request from the host 30 for connection with the 
mobile station 10, and transmits the request to the 
required communication rate setting unit 13. The 
application identifying unit 14 identifies the type 
of a new application for the data transmission, and 
transmits the results to the required communication 
rate setting unit 13. " ' 

When receiving the connection request from 
the receiver 12 for transmitting data in the 
downlink direction, or when receiving a direction 
from a user in the uplink data transmission 
direction, the required communication rate setting 
unit 13 selects either a quantitatively-guaranteed 
service or a relatively-guaranteed service as the 
service to be requested from the base station 20 
according to the type of the new application for the 
data transmission. 

When requesting a quantitatively- 
guaranteed service, the required communication rate 
setting, unit 13 sets one required communication rate 
and sends the required communication rate to the 
transmitter 11, The transmitter 11, using a control 
channel, sends an admission request message 
including the required communication rate to the 
base station 20. 

The receiver 22 in the base station 20 
receives the admission request message from the 
mobile station 10, and transmits the message to the 
required communication rate identifying unit 23. 



The required communication rate 
identifying unit 23 determines the required 
communication rate in the admission request message, 
and notifies the admission determining unit 27 of 
the required communication rate. In addition, the 
required communication rate identifying unit 23 
notifies the used resources measurement unit 24 that 
an admission request message is received. 

Upon receiving the notification, the used 
resources measurement unit 24 measures the maximum 
of the radio resources actually used by the other 
applications in a certain period among. the radio 
resources assigned to other applications 
corresponding to the quantitatively-guaranteed 
service. The used resources measurement unit 24 then 
sends the maximum of the used radio resources to the 
admissible communication rate calculating unit 26. . 

The admissible communication rate 
calculating unit 26 calculates the assignable radio 
resources for the new application by subtracting the 
maximum of the used radio resources from the total 
radio resources. In addition, the admissible 
communication rate calculating unit 26 calculates 
the admissible communication rate, that is, the 
communication rate when the propagation quality is 
the lowest between the base station 20 and the 
mobile station 10, based on the assignable radio 
resources for the new application. The admissible 
communication rate calculating unit 26 then 
transmits the obtained admissible communication rate 
to the admission determining unit 27. 

The admission determining unit 27 compares 
the admissible communication rate transmitted from 



the admissible communication rate calculating unit 
26 with the required communication rate transmitted 
from the required communication rate identifying 
unit 23, If the required communication rate is not 
higher than the admissible communication rate, the 
admission determining unit 27 admits the request for 
the service by the new application, assigns an 
amount of radio resources that enables 
communications at the required communication rate 
even when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20. The admission determining unit 27 sends an 
admission control result to the mobile station 10 
via the transmitter 21. 

If the required communication rate is 
higher than the admissible communication rate, the 
admission determining unit 27 does not admit the 
request for the service by the new application, and 
sends a request rejection message together with the 
admissible communication rate to the mobile station 
10 via the transmitter 21. 

When the receiver 12 in the mobile station 
10 receives the admissible communication rate from 
the base station 20, it sends the admissible 
communication rate to the modification unit 15. 

The modification unit 15 is capable of 
changing the required communication rate based on 
the admissible communication rate , or changing the 
request from a quantitatively-guaranteed service to 
a relatively-guaranteed service. 

FIG. 9 is a data diagram showing an 
example of the operations of the mobile station 10 
and, the base station 20 in the downlink data 
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transmission direction according to the first 
embodiment . 

In FIG, 9, it is assumed that the radio 
resources are managed in terms of frames, one frame - 
consists of ten slots, and the factor a multiplied 
by the maximum of the used radio resources equals 
one. Further, it is assumed that the modulation and 
coding scheme used in communications in the mobile 
station 10 is QPSKl/2 when the propagation quality 
is the lowest between the mobile station 10 and the 
base station 20, and the transmission rate in 
QPSKl/2 for one slot is 2.2 Mbps . 

As shown in FIG. 9, the maximum of the 
radio resources used by applications A, B, and C 
corresponds to four slots, and under this condition, 
the mobile station 10 calls a new application D, and 
notifies the base station 20 of a communication rate 
of 10 Mbps as the required communication rate, that 
is, the communication rate required by the new 
application D. 

The base station 20 subtracts the maximum 
of the used radio resources (four slots) from the 
total radio resources (ten slots) , and the obtained 
result (six slots) is the maximum assignable radio 
resources for the new application D. 

Further, the base station 20 calculates 
the admissible communication rate for the 
application D in the following way. Since the 
transmission rate for one slot is 2.2 Mbps when the 
propagation quality is the lowest between the mobile 
station 10 and the base station 20, the admissible 
communication rate for six slots is six multiplied 
by. 2.2, and the product 13.2 Mbps is the admissible 
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communication rate with the lowest propagation 
quality. This admissible communication rate of 13.2 
Mbps is greater than the required communication rate 
of 10 Mbps. Therefore, the base station 20 admits 
5 the request for the service by the new application D, 
and assigns an amount of radio resources (here, five 
slots) to the new application D to enable 
communications at the required communication rate of 
10 Mbps in the mobile station 10 even at places 

10 where the propagation quality is the lowest between 
the mobile station 10 and the base station 20. Then 
the base station 20 sends an admission permission 
message to the mobile station 10. 

Subsequently, the maximum of the radio 

15 resources used by applications A, B, C, and D 

corresponds to five slots. Under this condition, the 
mobile station 10 calls a new application E, and 
notifies the base station 20 of a communication rate 
of 20 Mbps as that required by the new application E, 

20 that is, the required communication rate. 

The base station 20 subtracts the maximum 
of the used radio resources (five slots) from the 
total radio resources (ten slots) , and the obtained 
result (five slots) is the maximum assignable radio 

25 resources for the new application E. 

Further, the base station 20 calculates 
the admissible communication rate for the 
application E when the propagation quality is the 
lowest between the mobile station 10 and the base 

30 station 20. Specifically, since the transmission 

rate for one slot is 2.2 Mbps when the propagation 
quality is the lowest between the mobile station 10 
and the base station 20, the admissible 
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communication rate for five slots is five multiplied 
by 2.2, and the product 11 Mbps is the admissible 
communication rate with the lowest propagation 
- quality. This admissible communication rate of 11 
5 Mbps is less than the required communication rate of 
20 Mbps. Therefore, the base station 20 does not 
admit the request for the service by the new 
application E, and notifies the mobile station 10 of 
the admissible communication rate of 11 Mbps. The 

10 mobile station 10 notifies the base station 20 of a 
new required communication rate not higher than the 
admissible communication rate of 11 Mbps, for 
example, 10 Mbps. 

FIG. 10 is a data diagram showing an 

15 example of the operations of the mobile station 10 
and the base station 20 in the uplink data 
transmission direction according to the first 
embodiment . 

In FIG. 10, it is assumed that the radio 

20 resources are managed in terms of frames, one frame 
consists of ten slots, and code 1 through code 4 are 
multiplexed. The factor a multiplied by the maximum 
of the used radio resources equals one. Further, it 
is assumed that the modulation, and coding scheme 

25 used in communications in the mobile station 10 is 
QPSKl/2 when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20, and the transmission rate in QPSKl/2 for one 
slot is 550 kbps . 

30 As shown in FIG. 10, the maximum of the 

radio resources used by applications A, B, and C 
correspond to sixteen slots, and the mobile station 
10 calls a new application D, and notifies the base 
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station 20 of. a communication rate of 10 Mbps as 
that required by the new application D, that is, the 
required communication rate for the new application 
D . 

The base station 20 subtracts the maximum 
of the used radio resources (sixteen slots) from the 
total radio resources (forty slots) , and the 
obtained result (twenty-four slots) is the maximum 
assignable radio resources for the new application D 

Further, the base station 20 calculates 
the admissible communication rate for the 
application D when the propagation quality is the 
lowest between the mobile station 10 and the base 
station 20. Specifically, the transmission rate for 
one slot is 550 kbps when the propagation quality is 
the lowest between the mobile station 10 and the 
base station 20, the admissible communication rate 
for twenty-four slots is 24 multiplied by 550 kbps, 
and the product 13.2 Mbps is the admissible 
communication rate with the lowest propagation 
quality. This admissible communication rate of 13.2 
Mbps' is greater than the required communication rate 
of 10 Mbps. Therefore, the base station 20 admits 
the request for the service by the new application 
and assigns an amount of radio. resources (here, 
nineteen slots) to the new application D to enable 
communications ' at the required communication rate of 
10 Mbps in the mobile station 10 even at places 
where the propagation quality is the lowest between 
the mobile station 10 and the base station 20. 

Subsequently, the maximum of the radio 
resources used by applications A, B, C, and D 
corresponds to twenty slots. Under this condition. 



the mobile station 10 calls a new application E, and 
notifies the base station 20 of a communication rate 
of 20 Mbps as that required by the new application E, 
that is, the required communication rate for the new 
application E. 

The base station 20 subtracts the maximum 
of the used radio resources (twenty slots) from the 
total radio resources (forty slots) , and the 
obtained result (twenty slots) is the maximum 
assignable radio resources for the new application E. 

Further, the base station 20 calculates 
the admissible communication rate for the 
application E in the following way. Since the 
transmission rate for one slot is 550 kbps when the 
propagation quality is the lowest between the mobile 
station 10 and the base station 20, the admissible 
communication rate for twenty slots is twenty 
multiplied by 550 kbps, and the product 11 Mbps is 
the . admissible communication rate with the lowest 
propagation quality. This admissible communication 
rate of 11 Mbps is less than the required 
communication rate of 20 Mbps. Therefore, the base 
station 20 does not admit the request for the 
service by the new application E, and notifies the 
mobile station 10 of the admissible communication 
rate of 11 Mbps. The mobile station 10 notifies the 
base station 20 of a new required communication rate 
not higher than the admissible communication rate of 
11 Mbps,^for example, 10 Mbps. 

FIG- 11 is a flowchart ' showing the 
operation of the base station 20 according to the 
first embodiment . 

In step S501, af ter^ the mobile station 10 



calls a new application and sends the required 
communication rate, the base station 20 measures the 
maximum of the used radio resources. 

In step S502, the base station 20 
multiplies a factor a by the maximum of the used 
radio resources . 

In step S503, the base station 20 
subtracts the maximum of the used radio resources 
multiplied by the factor a from the total radio 
resources and obtains the maximum assignable radio 
resources for the new application. . 

In step S504, the base station 20 
calculates the admissible communication rate 
(AC_avail) for the new application when the 
propagation quality is the lowest between the mobile 
station 10 and the base station 20 based on the 
maximum assignable radio resources for the new 
application. 

In step S505, the base station 20 
determines whether the required communication rate 
(QoS_rq) for the new application is less than or 
equal to the admissible communication rate . 

In step S506, if the required 
communication rate for the new application is less 
than or equal to the admissible communication rate, 
the base station 20 admits the request for the 
service by the new application, and assigns an 
amount of radio resources to the new application to 
enable communications at the required communication 
rate even at places where the propagation quality is 
the lowest between the mobile station 10 and the 
base station 20. Then the base station 20 sends an 
admission permission message to the mobile station 
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10. 

In step S507, if the required 
communication rate for the new application is higher 
than the admissible communication rate, the base 
station 20 does not admit the request for the 
service by the new application, and sends a request 
rejection message and the admissible communication 
rate to the mobile station 10. 

FIG." 12 is a flowchart . showing the 
operation of the mobile station 10 according to the 
first embodiment. 

In step S601, when the mobile station 10 
requests a quantitatively-guaranteed service after 
calling a new application, the mobile station 10 
sends the required communication rate to the base 
station 20 . . 

■ In step S602, the mobile station 10 
determines whether the admission control result is 
received from the base station 20. 

In step S603, if the admission control 
result is received, the mobile station 10 determines 
whether the admission control result indicates 
permission of admission of the request. 

In step S604, if the admission control 
result indicates that admission of the request is 
permitted, the mobile station 10 starts 
communications using the radio _ resources assigned to 
the new application. 

In step S605, when the admission control 
result indicates that admission of the request is 
rejected, the mobile station 10 confirms the 
admissible communication rate sent together with the 
admission control result. 
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In step S606, the mobile station 10 
determines whether the lowest communication rate 
required by the new application (QoS_rqmin) is less 
than or equal to the admissible communication rate. 

' 5 In step S607, when the smallest 

communication rate required by the new application 
is less than or equal to the admissible 
communication rate, the mobile station 10 changes 
the required communication rate to the admissible 

10 communication rate. 

In step S608, when the smallest 
communication rate required by the new application 
is greater than the admissible communication rate, 
the mobile station 10 changes the request from a 

15 quantitatively-guaranteed service to a relatively- 
guaranteed service, or makes another request for a 
quantitatively-guaranteed service . 

Second Embodiment 
20 The configurations . of the mobile station 

and the base station of the second embodiment are 
the same as those of the mobile station 10 and the 
base station 20 of the first embodiment as shown in 
FIG. 8, except for the following differences. In the 
"25 following, the same numeral references are used as 
in the first embodiment. 

The required communication rate -setting 
unit 13 sets an upper limit and a lower limit of the 
required communication rate when requesting a 
30 quantitatively-guaranteed service. 

Further, the admission determining unit 27 
in the base station 20 compares the admissible 
communication rate with the upper limit and the 
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lower limit of the required communication rate. If 
. the upper limit of the required communication rate 
is less than or equal to the admissible 
communication rate, the admission determining unit 
5 27 admits the request for the service by the, new 
application, and assigns an amount of radio 
resources that enables communications at the 
required communication rate even when the' 
propagation quality is the lowest between the mobile 

10 station 10 and the base station 20. 

If the admissible communication rate is 
between the lower limit and the upper limit of the 
required communication rate, the admission 
determining unit 27 admits the request for the 

15 service by the new application, and assigns an 
amount of radio resources that enables 
communications at the required communication rate 
even when the propagation quality is the lowest 
between the mobile station 10 and the base station 

20 20. 

If the admissible communication rate is 
lower than the lower limit of the required 
communication rate, the admission determining unit 
27 does. not admit the request for the service by the 

25 new application; the admission determining unit 27 
sends a request rejection message together with the 
admissible communication rate to the mobile station 
10 via the transmitter 21. 

FIG. 13 is a flowchart showing the 

30 operation of the base station 20 according to the 
second embodiment. As shown below, the step S701 
through step" S704 are the same as the step S501 
through step S504. 



In step S701, after the mobile station 10 
calls a new application and sends the required 
communication rate, the base station 20 measures the 
maximum of the used radio resources. 

In step S702, the base station 20 
multiplies a factor a by the maximum of the used 
radio resources. 

In step S703, the base station 20 
subtracts the maximum of the used radio resources 
multiplied by the factor a from the total radio 
resources and obtains the maximum assignable radio 
resources for the new application. 

In step S704, the base station 20 
calculates the admissible communication rate for the 
application E when the propagation quality is the 
lowest between the mobile station 10 and the base 
station 20 based on the maximum assignable radio 
resources for the new application. 

In step S705, the base station 20 
determines whether the highest required 
communication rate .(that is, the upper limit) for 
the new application is less than the admissible 
communication rate. , ■ 

In step S706, if the highest required 
communication rate for the new application is less 
than the admissible communication rate, the base 
station 20 admits the request for the service by the 
new application, and assigns an amount of radio 
resources to the new application to enable 
communications at the highest required communication 
rate even at places where the propagation quality is 
the lowest between the mobile station 10 and the 
base station 20. Then the base station 20 sends an 
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admission permission message to the mobile station 
10. 

In step S707, if the highest required 
communication rate for the new application is higher 
5 than the admissible communication rate, the base 
station 20 determines if the admissible 
communication rate is between the lower limit and 
the upper limit of the required communication rate, 
•In step S708, if the admissible 
10 communication rate is out of the range between the 
lower limit and the upper limit of the required 
communication rate, the base station 20 does not 
admit the request for the service by the new 
application, and sends a request rejection message 
15 and the admissible communication rate to the mobile 
station 10. 

In step S709, if the admissible 
communication rate is between the lower limit and 
the upper limit of the required communication rate, 
20 the base station 20 admits the request for the 
service by the new application, and assigns an 
amount of radio resources to the new application to. 
enable communications at the admissible 
communication rate even at places where the 
25 propagation quality is the lowest between the mobile 
station 10 and the base station 20. Then the base 
station 20 sends an admission permission message to 
the mobile station 10. 

FIG. 14 is a flowchart showing the 
30 operation of the mobile station 10 according to the 
second embodiment, 

In step S801, when the mobile station io 
requests a quantitatively-guaranteed service "after 



calling a new application, the mobile station 10 
sends the highest and lowest required communication 
rates to the base station 20. 

In step S802, the mobile station 10 
determines whether the admission control result is 
received from the base station 20. 

In step S803, if the admission control 
result is received, the mobile station 20 determines 
whether the admission control result indicates 
permission of admission of the request. 

In step S804, if the admission control 
result indicates that admission of the request is 
permitted, the mobile station 10 starts 
communications using the radio resources assigned to 
the new application. 

In step S805, if the admission control 
result indicates that admission of the request is 
rejected, the mobile station 10 changes the request 
from a quantitatively-guaranteed service to a 
relatively-guaranteed service, or. makes another 
request for a quantitatively-guaranteed service. 

Third Embodiment 

FIG. 15 is a block diagram showing an 
example of configurations of the mobile station 10 
and the base station 20b according to the third 
embodiment. 

Comparing the base station 2 0 shown in FIG 
8 and the base station 20b shown in FIG. 15, it can 
be found that the base station 20b includes an 
assigned resources storage unit 28 instead of the 
used resources measurement unit 24. 

When the propagation quality is the, lowest 
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between the base station 20b and the mobile station 
10, and where the other applications for the 
quantitatively-guaranteed service are called for 
other mobile stations, the storage unit 28 stores 
5 the radio resources assigned to the other 

applications. The radio resources assigned to the 
other applications are referred to as '^assigned 
radio resources" below. 

The assigned resources storage unit 28 

'10 sends the assigned radio resources to the admissible 
communication rate calculating unit 26, when the 
assigned resources storage unit 28 is notified by 
. the required communication rate identifying unit 23 
that the required communication rate identifying 

15 unit 23 has received an admission request message. 

The admissible communication rate 
calculating unit 26 calculates the assignable radio 
resources for the new application by subtracting the 
assigned radio resources from the total radio 

20 resources. In addition, the admissible communication 
rate calculating unit 26 calculates the admissible 
communication rate when the propagation quality is 
the lowest between the base station 20b and the 
mobile station 10 based on the assignable radio 

25 resources for the new application. The other 

operations of the assigned resources storage unit 28 
and the admissible communication rate calculating 
unit 26 are the same as those described in the first 
embodiment. 

30 FIG. 16 is a data diagram showing an 

example of the operations of the mobile station 10 
and the base station 20b in the downlink data 
transmission direction according to the third 



embodiment . 

In FIG. 16, it is assumed that the radio 
resources are managed in terms of frames, one frame 
consists of ten slots, and the factor i3 multiplying 
the assigned radio resources equals one. Further, it 
is assumed that the modulation and coding scheme 
used in coinmunications in the mobile station 10 is 
QPSKl/2 when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20b, and the transmission rate in QPSKl/2 for one 
slot is 2.2 Mbps . 

As shown in FIG. 16, the radio resources 
assigned to applications A, B, and C correspond to 
eight slots. Under this condition, the mobile 
station 10 calls a new application D, and notifies 
the base station 20b of a communication rate of 10 
Mbps as that required by the new application D, that 
is, the required communication rate for the new 
application D. 

The base station 20b subtracts the. 
assigned radio resources (eight slots) from the 
total radio resources (ten slots) , and the obtained 
result (two slots) is the maximum assignable radio 
resources for the new application D. 

Further, the base station 20b calculates 
the admissible communication rate for the 
application D in the following way. Since the 
transmission rate for one slot is 2.2 Mbps when the 
propagation quality is the lowest between the mobile 
station 10 and the base station 20, the admissible 
communication rate for two slots is two multiplied 
by 2,2, and the product 4.4 Mbps is the admissible 
communication rate with the lowest propagation 
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quality . 

This admissible communication rate of 4.4 
Mbps is less than the required communication rate of 
10 Mbps. Therefore, the base station 20b does not 
5 admit the request for the service by the new 

application D, and notifies the mobile station 10 of 
the admissible communication rate of 4.4 Mbps. The 
mobile station 10 notifies the base station 20b of a 
new required communication rate not higher than the 

10 admissible communication rate of 4.4 Mbps, for 

example, 4 Mbps. This required communication . rate of 
4 Mbps is less than the admissible communication 
rate of 4.4 Mbps. Therefore, the base station 20b 
admits the request for the service by the new 

15 application D, and assigns an amount of radio 

resources (here, two slots) to the new application D 
to enable communications at the required 
communication rate of 4 Mbps in the mobile station 
10 even at places where the propagation quality is 

20 the lowest between the mobile station 10 and the 

base station 20. Then the base station 20b sends an 
admission permission message to the mobile station 
10. 

Subsequently, the radio resources assigned 
25 to the applications A, B, C, and D correspond to ten 
slots. Under this condition, the mobile station 10 
calls a new application E, and notifies the base 
station 20b of a communication rate of 20 Mbps as 
that required by the new application E, that is, the 
30 required communication rate for the new application 
E. 

The base station 20b subtracts the 
assigned radio resources (ten slots) from the total 
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radio resources (ten slots), and the result is zero. 
Therefore, the base station 20b does not admit the 
request for the service by the new application E. 

FIG. 17 is a data diagram showing an 
5 example of the operations of the mobile station 10 
and the base station 20b in the uplink data 
transmission direction according to the third 
embodiment . 

In FIG. 17, it is assumed that the radio 
10 resources are managed in terms of frames, one frame 
consists of ten slots, and code 1 through code 4 are 
multiplexed. The factor j3 multiplying the assigned 
radio resources equals one. Further, it is assumed 
that the modulation and coding scheme used in 
15 communications in the mobile station 10 is QPSKl/2 
when the propagation quality is the lowest between 
the mobile station 10 and the base station 20b, and 
the transmission rate in QPSKl/2 for one slot is 550 
kbps . 

20 As shown in FIG. 17, the assigned radio 

resources to applications A, B, and C correspond to 
thirty-two slots, and the mobile station 10 calls a 
new application D, and notifies the base station 20b 
of a communication rate of 10 Mbps as that required 

25 by the new application D, that is, the required 
communication rate for the new application D. 

The base station 20b subtracts the 
assigned radio resources (thirty-two slots) from the 
total radio resources (forty slots) , and the 

30 obtained result (eight slots) is the maximum 

assignable radio resources for the new application D. 

Further, the base station 20b calculates 
the admissible communication rate for the 



application D when the propagation quality is the 
lowest between the mobile station 10 and the base 
station 20. Specifically, the transmission rate for 
one slot is 550 kbps when the propagation quality is 
the lowest between the mobile station 10 and the 
base statio'n 20b, the admissible communication rate 
for eight slots is eight multiplied by 550 kbps, and 
the product 4.4 Mbps is the admissible communication 
rate with the lowest propagation quality. 

This admissible communication rate of 4.4 
Mbps is less than the required communication rate of 
10 Mbps. Therefore, the base station 20b does not 
admit the request for the service by the new 
application D, and notifies the mobile station 10 of 
the admissible communication rate of 4.4 Mbps. The 
mobile station 10 notifies the base station 20b of a 
new required communication rate not higher than the 
admissible communication rate of 4.4 Mbps, for 
example, 4 Mbps. This required communication rate of 
4 Mbps is less than the admissible communication 
rate of 4.4 Mbps. Therefore, the base station 20b 
admits the request for the service by the new 
application D, and assigns an amount of radio 
resources (here, eight slots) to the new application 
D to. enable communications at the required 
communication rate of 4 Mbps in the mobile station 
10 even at places where the propagation quality is 
the lowest between the mobile station 10 and the 
base station 20. Then the base station 20b sends an 
admission permission message to the mobile station 
10. 

Subsequently, the radio resources assigned 
to the applications A, B, C, and D correspond to 



forty slots. Under this condition, the mobile 
station 10 calls a new application E, and notifies 
the base station 20b of a communication rate of 20 
Mbps as that required by the new application E, that 
is, the required communication rate for the new 
application E. 

The base station 20b subtracts the 
assigned radio resources (forty slots) from the 
total radio resources (forty slots), and the result 
is zero. There.fore, the base station 20b does not 
admit the request for the service by the new 
application E. 

FIG. 18 is a flowchart showing the 
operation of the base station 20b according to the 
third embodiment. .As shown below, the step S904 
through S907 are the same as the step S504 through 
S507 shown in FIG. 11 in the first ' embodiment . 

In step S901, after the mobile station 10 
calls a new application and sends the required 
communication rate the base station 20b identifies 
the assigned radio resources. 

In step S902, the base station 20b 
multiplies the assigned radio resources by a factor 

• In step S903, the base station 20b 
subtracts the assigned radio resources multiplied by 
the factor 0 from the total radio resources and 
obtains the maximum assignable radio resources for 
the new application. 

In step S904, the base station 20b 
calculates the admissible communication rate for the 
application E when the propagation quality is the 
lowest between the mobile station 10 and the base 
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station 20b based on the maximum assignable radio 
resources for the new application. 

In step S905, the base station 20b 
determines whether the required communication rate 
for the new application is less than the admissible 
communication rate . 

In step S906, if the required 
communication rate for the new application is less 
than the admissible communication rate, the base 
station 20b admits the request for the service by 
the new application, and assigns an amount of radio 
resources to the new application to enable 
communications at the required communication rate . 
even at places where the propagation quality is the 
lowest between the mobile station 10 and the base 
station 20b. Then the base station 20b sends an 
admission - permission message to the mobile station 
10. . . 

In step S907, if the required 
communication rate for the new application is higher 
than the admissible communication rate, the base 
station 20b does not admit the request for the 
service by the new application, and sends a request 
rejection message and the admissible communication 
rate to the mobile station 10. 

Fourth Embodiment 

The configurations of the mobile station 
and the base station of the fourth embodiment are 
the same as those of the mobile station 10 and the 
base station 20b of the third embodiment as shown in 
FIG. 15, except for the following differences. In 
the following, the same numeral references are used 
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as in the third embodiment. 

The required communication rate setting 
unit 13 sets an upper limit and a lower limit of the 
required communication rate when requesting a 
5 quantitatively-guaranteed service . 

Further, the admission determining unit 27 
in the base station 20b compares the admissible 
communication rate with the upper limit and the 
lower limit of the required communication rate. If 

10 the upper limit of the required communication rate 

is not higher than the admissible communication rate, 
the admission determining unit 27 admits the request 
for the service by the new application, and assigns 
an amount of radio resources that enables 

15 communications at the required communication rate 
even when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20. 

If the admissible communication rate is 
20 between the lower limit and the upper limit of the 
required communication rate, the admission 
determining unit 27 admits the request for the 
service by the new application, and assigns an 
amount of radio resources that enables 
25 communications at the required communication rate 
even when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20. The admission determining unit 27 further sends 
an admission permission message to the mobile 
30 station 10 via the transmitter 21. 

If the admissible communication rate is 
lower than the lower limit of the required 
communication rate , ^ the admission determining unit 



27 does not admit the request for the service by the 
new * application ; the admission determining unit 27 
sends a request rejection message together with the 
admissible communication rate to the mobile station 
10 via the transmitter 21. 

FIG. - 19 is a flowchart showing the 
operation of the base station 20b according to the 
fourth embodiment. As . shown below, the step S1004 
through step S1009 are the same as the step S704 
through step S709 shown in FIG. 13 in the second 
embodiment . 

In step SlOOl, after the mobile station 10 
calls a new application and sends the required 
communication rate, the base station 20b identifies 
the assigned radio resources. 

In step S1002, the base station 20b 
multiplies the assigned radio resources by a factor 
i3 . 

In step S1003, the base station 20b 
subtracts the assigned radio resources multiplied by 
the factor jS from the total radio resources and 
obtains the maximum assignable radio resources for 
the new application. 

In step S1004, the base station 20b 
calculates the admissible communication rate for the 
application E when the propagation quality is the 
lowest between the mobile station 10 and the base 
station 20b based on the maximum assignable radio 
resources for the new application. 

In step S1005, the base station 20b 
determines whether the highest required 
communication rate (that is, the. upper limit) for 
the new application is less than the admissible 
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communication rate. 

In step S1006, if the highest required 
communication rate for the new application is less 
than the admissible communication rate, the base 
5 station 20b admits the request for the service by 
the new application, and assigns an amount of radio 
resources to the new application to enable 
communications at the highest required communication 
rate even at places where the propagation quality is 
10 the lowest between the mobile -station 10 and the 

base station 20b. Then the base station 20b sends an 
admission permission message to the mobile station 
10. 

In step S1007, if the highest required 

15 communication rate for the new application is higher' 
than the admissible communication rate, the base 
station 20b determines whether the admissible 
communication rate is between the lower limit and 
the upper limit of the required communication rate. 

20 In step S1008, if the admissible 

communication rate is out of the range between the 
lower limit and the upper limit of the required 
communication rate, the base station 20b does" not 
admit the request for the service by the new 

25 application, and sends a request rejection message 
and the admissible communication rate to the mobile 
station 10. 

In step S1009, if the admissible 
communication rate is between the lower limit and 

30 the upper limit of the required communication rate , 
the base station 20b admits the request for the 
service by the new application, and assigns an 
amount of radio resources to the new application to 



enable communications at the admissible 
communication rate even at places where the 
propagation quality is the lowest between the mobile 
station 10 and the base station 20b. Then the base 
station 20b sends an admission permission message to 
the mobile station 10. 

In the previous embodiments, it is assumed 
that the radio resources are managed in terms of 
frames, but the present invention is not limited to 
this, configuration. The present invention is 
applicable even in the case of the radio resources 
not managed in terms of frames. In this case, for 
example, the constituent element of the radio 
resources is the communication rate . Below, 
embodiments involving such radio resources are. 
described . 

Fifth Embodiment 

In the fifth embodiment, the 
configurations of the mobile station and the base 
station are the same as those shown in FIG. 8 in the 
first embodiment. Below, the same numeral references 
are used as in the first embodiment. 

In the fifth embodiment, the mobile 
station 10 transmits only one required communication 
rate to the base station 20, and the base station 20 
calculates the admissible communication rate by 
using the radio resources utilization by the other 
applications corresponding to the quantitatively- 
guaranteed service. 

The used resources measurement unit 24 
measures the radio resources utilization (slot, 
code) relative to the total communication rates able 
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to be provided by the base station 20. 

The admissible communication rate 
calculating unit 26 subtracts the measured radio 
resources utilization from unity (full utilization) 
and multiplies the result by the total available 
communication rate, thus obtains the admissible 
communication rate. Other operations are the same a 
those in the first embodiment. 

FIG- 20 is a flowchart showing the 
operation of the base station 20 according to the 
fifth embodiment. As shown below, the step S1104 
through step S1106 are the same as the step S505 
through step S507 shown in FIG. 11 in the first 
embodiment . 

In step SllOl, after the mobile station 10 
calls a new application and sends the required 
communication rate, the base station 20 measures the 
radio resources utilization. 

In. step S1102, the base station 20 
multiplies a factor a and the to.tal available 
communication rate by the radio resources 
utilization. 

In step S1103, the base station 20 
subtracts the resultant product obtained in step 
S1102 from the total available communication rate, 
thus obtains the admissible communication rate. 

In step S1104, the base station 20 
determines whether the required communication rate 
for the new application, is less than the admissible 
communication rate.- 

In step S1105, if the required 
communication rate for the new application is less 
than the admissible communication rate, the base 



station 20 admits the request for the service by the 
new application, and assigns an amount of radio 
resources to the new application to enable 
communications at the required communication rate 
even at places where the propagation quality is the 
lowest between the mobile station 10 and the base 
station 20. Then the base station 20 sends an 
admission permission message to the mobile station 
10. 

In step S1106, -if the required 
communication rate for the new application is 
greater than the admissible communication rate, the 
base station 20 does not admit the request for the 
service by the new. application, and sends a request 
rejection message and the admissible communication 
rate to the mobile station 10. 

The operation of the mobile station 10 is 
the same as that . described in FIG. 12 in the first 
embodiment. 

Sixth Embodiment 

The configurations of the. mobile station 
and the base station of the sixth embodiment are the 
same as those of the mobile station 10 and the base 
station 20 in the fifth embodiment except for the 
following differences. Below, the same numeral 
references are used as in the. first embodiment. 

In the sixth embodiment, the mobile 
station 10 transmits an upper limit and a lower 
limit of the required communication rate to the base 
station 20, and the base station 20 calculates the 
admissible communication rate by using the radio 
resources utilization of the other applications 



corresponding to the quantitatively-guaranteed 
service. 

The required communication rate setting 
unit 13 in the mobile ' station 10 sets the upper 
limit and the lower limit of the required 
communication rate when requesting a quantitatively- 
guaranteed service. 

Further, the admission determining unit 27 
in the base station 20 compares the admissible 
communication rate with the upper limit and the 
lower limit of the required communication rate. If 
the upper limit of the required communication rate 
is not higher than the admissible communication rate 
the admission determining unit 27 admits the request 
for the service by the new application, and assigns 
an amount of radio resources that enables 
communications at the required communication rate 
even when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20. 

If the admissible communication rate is 
between the lower limit and the upper limit of the 
required communication rate; the admission 
determining unit 27 admits the request for the 
service by the new application, and assigns an 
amount of radio resources that enables 
communications at the required communication rate 
even when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20. 

If the admissible communication rate is 
lower than the lower limit of the required 
communication rate, the admission determining unit 
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27 does not admit the request for the service by the 
new application; the admission determining unit 27 
sends a request rejection message together with the 
admissible communication rate to the mobile station 
5. 10 via the transmitter 21. 

FIG. 21 is a flowchart showing the 
operation of the base station 20 according to the 
sixth embodiment. As shown below, the step S1201 
through step S1203 are the same as the step SllOl 
10 through step S1103 shown in FIG. 20 in the fifth 
embodiment, and the step S1204 through step S1208 
are the same as the step S705 through step S709 
shown in FIG. 13 in the second embodiment. 

In step S1201, after the mobile station 10 
15 calls a new application and sends the required 

communication rate, the base station 20 measures the 
radio resources occupation. 

In step S1202, the base station 20 
multiplies a factor a and the total available 
20 communication rate by the radio, resources 
utilization. 

In step S1203, the base station. 20 
subtracts the resultant product obtained in step 
S1102 from the total available communication rate, 
25 thus obtains the admissible communication rate. 

In step S1204, the base station 20 
determines whether the highest required 
communication rate (that is, the upper limit) for 
the new application is less than the admissible 
30 communication rate. 

In step S1205, if the highest required 
communication rate for the new application is less 
than the admissible communication rate, the base 
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station 20 admits the request for the service by the 
new application, and assigns an amount of radio 
resources to the new application to enable 
communications at the highest required communication 
5 rate even at places where the propagation quality is 
the lowest between the mobile station 10 and the 
base station 20. Then the base station 20 sends an 
admission permission message to the mobile station 
10 . 

10 In step S1206, if the highest required 

communication rate for the new application is higher 
than the admissible communication rate, the base 
station 20 determines whether the admissible 
communication rate is between, the lower limit and 

15 the upper limit of the required communication rate. 

In step S1207, if the admissible 
communication rate is out of the range between the 
lower limit and the upper limit of the required 
communication rate, the base station 20 does not 

20 admit the request for the service by the new 

application, and sends a request rejection message 
and the admissible communication rate to the mobile 
station 10 . 

In step S1208, if the admissible 

25 communication rate is between the lower limit and 

the upper limit of the required communication rate, 
the base station 20 admits the request for the 
service by the new application, and assigns an 
amount of radio resources to the new application to 

30 enable communications at the admissible 

communication rate even at places where the 
propagation quality is the lowest between the mobile 
station 10 and the base station 20. Then the base 



station 20 sends an admission permission message to 
the mobile station 10. 

The operation of the mobile station 10 is 
the same as that described in FIG. 14 in the second 
embodiment . 

Seventh Embodiment 

In the seventh embodiment^ the 
configurations of the mobile station and the base 
station are the same as those shown in FIG. 15 in 
the third embodiment. Below, the same numeral 
references are used as in the third embodiment. 

In the seventh embodiment, the mobile 
station 10 transmits only one required communication 
rate to the base station 20b, and the base station 
20b calculates the admissible communication rate by 
using the communication rate assigned to the other 
applications corresponding to the quantitatively- 
guaranteed service. 

When the propagation quality is the lowest 
between the base station 20b and the mobile station 
10, where the other applications for the 
quantitatively-guaranteed service are called for 
other mobile stations, the storage unit 28 stores 
the summation of the communication rates assigned to 
the other applications (referred to as '^assigned 
communication rate" below) . 

The assigned resources storage unit 28 
sends the assigned communication rates to the 
admissible communication rate calculating unit 26, 
when the assigned resources storage unit 28 is 
notified by the required communication rate 
identifying unit 23 that the required communication 



rate identifying unit 23 has received an admission 
request message. 

The admissible communication rate 
calculating unit 26 subtracts the assigned 
communication rate from the total available 
communication rate. As in the fifth embodiment, the 
total available communication rate is defined to be 
the summation of the communication rates that can be 
provided by the base station 20b when the modulation 
coding scheme resulting in the lowest communication 
rate is used under the condition of the lowest 
propagation quality. From this, the admissible 
communication rate calculating unit 26 calculates 
the admissible communication rate when the 
propagation quality is the lowest between the base 
station 20b and the mobile station 10. 

The admissible communication rate 
calculating unit 26 may subtract the assigned 
communication rate multiplied by the factor jS from 
the total available communication rate. 

The used resources measurement unit 24 may 
calculate communication utilization relative to the 
total communication rates able to be provided by the 
base station 20. The admissible communication rate 
calculating unit 26 subtracts the communication 
utilization from .unity (full utilization) , and 
multiplies the result by the total available 
communication rate, and thus obtains the admissible 
communication rate. Other operations are the same as 
those in the third embodiment. 

FIG. 22 is a flowchart showing the 
operation of the base station 20b according to. the 
seventh embodiment. As shown below, the step S1304 



through step S1306 are the same as the step S1104 

through step S1106 shown in FIG. 20 in the fifth 

embodiment . 

In step S1301, after the mobile station 10 

calls a new application and sends the required 

communication rate, the base station 20b measures 

the assigned communication rate. 

In step S1302, the base station 20b 

multiplies the assigned communication rate by a 

factor i3 . . 

In step S1303, the base station 20b 

subtracts the result obtained in step S1302 from the 

total available communication rate, thus obtains the 

admissible communication rate. 

In step S1304/ the base station 20b 

determines whether the required communication rate 

for the new application is less than the admissible 

communication rate . 

. In step S1305, if the required 

communication rate for the new application is less 
than the admissible communication rate, the base 
station 20b admits the request for the service by 
the new application, and assigns an amount of radio 
resources to the new application to enable 
communications at the required communication rate 
even at places where the propagation quality is the 
lowest between the mobile station 10 and the base 
station 20. Then the base station 20b sends an 
admission permission message to the mobile station 
10 . 

In step S1306, if the required 
communication rate for the new application is higher 
than the admissible communication rate, the base* 
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station 20b does not admit the request for the 
service by the new application, and sends a request 
rejection message and the admissible communication 
rate to the mobile station 10. 

The operation of the mobile station 10 is 
the same as that described in FIG. 12 in the first 
embodiment. 

Eighth Embodiment 

The configurations of the mobile station 
and the base station of the eighth embodiment are 
the same as those of the mobile station -10 and the 
base station 20b in the seventh embodiment except 
for the following differences. Below, the same 
numeral references are used as in the seventh 
embodiment . 

In the eighth embodiment, the mobile 
station 10 transmits an upper limit and a lower 
limit of the required communication rate to the base 
station 20, and the base station 20b calculates the 
admissible communication rate by using communication 
rates assigned to the other applications 
corresponding to the quantitatively-guaranteed 
service . 

The required communication rate setting 
unit 13 in the mobile station 10 sets the upper 
limit and the lower limit of the required 
communication rate when requesting a quantitatively- 
guaranteed service . 

Further, the admission determining unit 27 
in the base station 20b compares the admissible 
communication rate with the upper limit and the 
lower limit of the required communication rate. If 



the upper limit of the required communication rate 
is not higher than the admissible communication rate, 
the admission determining unit 27 admits the request 
for the service by the new application, and assigns 
an amount of radio resources that enables 
communications at the required communication rate 
even when the propagation quality is the lowest 
between the mobile station 10 and the base station 
20. 

If the admissible communication rate is 
between the lo^^^ limit and the upper limit of the 
required communication rate, the admission 
determining unit 27 admits the request for the 
service by the new application, and assigns an 
amount of radio resources that enables 
communications at the required communication rate 
even when the propagation quality is the lowest 
betwe.en the mobile station 10 and the base station 
20 - 

If the admissible communication rate is 
lower than the lower limit of the required 
communication rate, the admission determining unit 
27 does not admit the request for the service by the 
new application; the admission determining unit 2 7 
sends a request rejection message together with the 
admissible communication rate to the mobile station 
10 via the transmitter 21. 

FIG. 23 is a flowchart showing the 
operation of the base station 20b according to the 
eighth embodiment. As shown below, the step S1401 
through step S1403 are the same as the step S1301 
through step S1303 shown in FIG. 22 in the seventh 
embodiment, and the step S1404 through step S1208 
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are the same as the step S705 through step S709 
shown in FIG. 13 in the second embodiment. 

In step S1401, after the mobile station 10 
calls a new application and sends the required 
communication rate, the base station 20b measures 
the assigned communication rate. 

In step S1402, the base station 20b 
multiplies the radio resources utilization by a 
factor i3 . 

In step S1403, the base station 20b 
subtracts the result obtained in step S1402 from the 
total available communication rate, and thus obtains 
the admissible communication rate. 

In step "S1404, the base station 20b 
determines whether the highest required 
communication rate (that is, the upper limit) for 
the new application is less than. the admissible 
communication rate. 

In step S1405, if the highest required 
communication rate for the new application is less 
than the admissible communication rate, the base 
station 20b admits the request for the service by 
the new application, and assigns an amount of radio 
resources to the new application to enable 
communications at the highest required communication 
rate even at places where the propagation quality is 
the lowest between the mobile station 10 and the 
base station 20.. Then the base station 20b sends an 
admission permission message to the mobile station 
10. 

In step S1406, if the highest required 
communication rate for the new application is higher 
than the admissible communication rate, the base 
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station 20b determines whether the admissible 
communication rate is between the lower limit and 
the upper limit of the required communication rate. 
In step S1407, if the admissible 
5 communication rate is out of the range between the. 
lower limit and the upper limit of the required 
communication rate, the base station 20b does not 
admit the request for the service by the new 
application, and sends a request rejection message 
10 and the admissible communication rate to the mobile 
station 10 . 

In step S1408, if the admissible 
communication rate is between the lower limit and 
the upper limit of the required communication rate , 
15 the base station 20b admits the request for the 
service by the new application, and assigns an 
amount of radio resources to the new application to 
enable communications at the admissible 
communication rate even at places where the 
20 propagation quality is the lowest between the mobile 
station 10 and the base station 20. Then the base 
station 20b sends an admission permission message to 
the mobile station 10. 

The operation of the mobile station 10 is 
25 the same as that described in FIG. 14 in the second 
embodiment . 

According to the embodiments described 
above, the admissible communication rate, as an 
example of the reference quality of the invention, 
30 is calculated by assuming a situation in which the 

communication rate at the mobile station corresponds 
to the lowest communication rate obtainable at the 
mobile station, for example, the mobile station is 



at the edge of a cell formed by the base station, 
acting as an admission control device. In addition, 
the bas.e station compares the required communication 
rate and the admissible communication rate to 
determine whether the request from the mobile 
station can be admitted. For example, the base 
station may admit the request if the required 
communication rate is less than or equal to the 
admissible communication rate. Due to this, even at 
places where the propagation quality is low, the 
mobile station is able to maintain communications. 
In other words, regardless of changes of the 
propagation quality, radio resources can be 
appropriately assigned . 

In addition, when a part of the assigned 
radio resource to other applications is not used, 
for example, if the amount of transmission data is 
smaller than expected, the base station, 20 may 
calculate the assignable radio resource by 
subtracting the radio resource actually used by the 
other applications from the total available radio 
resource, and this assignable radio resource is the 
maximum radio resource .assignable to the requested 
service. Due to this, it is possible to use the 
radio resources effectively. At least, the 
difference between the total radio resource and the 
radio resource assigned to the other applications at 
the lowest communication rate may be used as the 
assignable radio resource. Since the assignable 
radio resource obtained in this way does not include 
the radio resources used by the other applications, 
it can be surely assigned to the requested service. 

Further, if the ' required communication 



rate is greater than the admissible communication 
rate and the base station rejects the request, the 
mobile station is notified of this decision and the 
admissible communication rate as well. Upon that, 
the mobile station may take necessary steps in 
response, for example, the mobile station may change 
the value of the required communication rate, or 
change the service. 

Further, the base station preferentially 
assigns the radio resource to the quantitatively- 
guaranteed service rather than to the relatively- 
guaranteed service. Due to this, a larger number of 
the quantitatively-guaranteed services may be 
provided. 

While the present invention is described 
above with reference to specific embodiments chosen 
for purpose of illustration, it should be apparent 
that the invention is not limited to these 
embodiments, but numerous modifications could be 
made thereto by those skilled in the art without 
departing from the basic concept and scope of the 
invention . 

For example; in the above embodiments, the 
communication rate is used as an example of the 
quality of service (QoS) . But the present invention 
is not limited to this. Other quantities, such 'as 
the delay time, and the data error rate may also be 
used. 

In addition, in the above embodiments, the 
mobile station is described as a data transmission 
source or a data reception . source . The present 
invention is also applicable to the cases in which 
the mobile station functions as a relay station. 
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Further, in addition to the base station, other 
devices such as a radio network control device may 
also be used as the admission control device. 

■ It is certain that the mobile station of 
the present invention is also applicable to a mobile 
host in the next generation mobile communications, 
and the base station is applicable to an access 
point . 

Summarizing the effect of the invention, 
it is possible to appropriately assign radio 
resources even when a propagation quality changes. 

This patent application is based on 
Japanese Priority Patent Application No. 2002-335719 
filed on November 19, 2002, the entire contents of 
which are hereby incorporated by reference. 



